We predict the isospin asymmetry as well as the branching ratio for the decay B → K * γ within QCD factorization using new anti-de Sitter/Quantum Chromodynamics (AdS/QCD) holographic Distribution Amplitudes (DAs) for the K * meson. Our prediction for the branching ratio agrees with that obtained using standard QCD Sum Rules (SR) DAs and with experiment. More interestingly, our prediction for the isospin asymmetry using the AdS/QCD DA does not suffer from the end-point divergence encountered when using the corresponding SR DA. We predict an isospin asymmetry of 3.2% in agreement with the most recent average measured value of (5.2 ± 2.6)% quoted by the Particle Data Group.
INTRODUCTION
The rare decay B → K * γ is the dominant mode of exclusive radiative decays of the B → V γ where V is a vector meson. It was first observed by the CLEO collaboration in 1993 [1] and since then it has been measured with increasing precision by the BaBar [2] ,
Belle [3] and CLEO [4] collaborations. The most recent data for the branching ratios of the decay B • → K * 0 γ and B + → K * + γ are given in Table I . As can be seen, all three experiments report a slightly higher branching ratio for B • → K * 0 γ and this indicates a non-zero isospin asymmetry defined as
The most recent isospin asymmetry measurements reported by BaBar and Belle are shown in the last row of table I. Note that ∆ 0+ = ∆ 0− to within 2% which is the maximum measured CP asymmetry for this decay.
Branching ratio BABAR BELLE CLEO PDG B(B 0 → K * 0 γ) × 10 6 44.7 ± 1.0 ± 1.6 45.5
+7.2 −6.8 ± 3.4 40.1 ± 2.1 ± 1.7 43.3 ± 1.5
B(B + → K * + γ) × 10 6 42.2 ± 1.4 ± 1.6 42.5 ± 3.1 ± 2.4 37.6
+8.9 −8.3 ± 2.8 42.1 ± 1.8 ∆ 0− 6.6 ± 2.1 ± 2.2 1.2 ± 4.4 ± 2.6 5.2 ± 2.6 In general, radiative B decays to vector mesons are of considerable interest because they proceed via Flavor Changing Neutral Currents (FCNC) which are heavily suppressed at tree level in the Standard Model (SM) and are thus likely to be enhanced by New Physics (NP) [5] . Such exclusive decays are also relatively clean to investigate experimentally especially in a hadronic environment like the LHC. On the other hand, the theory of exclusive decays is complicated by their sensitivity to non-perturbative physics. Nevertheless, it is very important to have reliable SM predictions for these decays in order to detect any NP signals.
The standard theoretical framework for computing exclusive radiative B decays is QCD factorization (QCDF) [6] . QCDF is the statement that to leading power accuracy in the heavy quark limit, the matrix element of the effective weak Hamiltonian operators factorizes into perturbatively calculable kernels and non-perturbative but universal quantities namely the B → V transition form factor and the leading twist DAs of the B and vector mesons.
In a standard notation, these matrix elements are written as [6, 7] V (P, e T )γ(q, )
The first term is simply the product of perturbatively calculable quantities T I i with the non-perturbative transition form factor F B→V . The second term is a convolution of the perturbatively computable kernels T
II i
with the non-perturbative DA of the B meson, Φ B (ζ),
The predictive power of QCDF is therefore limited by two sources of uncertainty: firstly by the uncertainties associated with the non-perturbative quantities (form factor, decay constants and DAs) which we shall refer to as hadronic uncertainties and secondly by power corrections to the leading contribution given by Eq. (2). The computation of power corrections is problematic because it involves convolution integrals that do not always converge [8, 9] . In a recent paper [10] , we have investigated such power corrections in the decaȳ
• γ namely those generated by annihilation diagrams. Two of the four annihilations contributions we considered depend upon convolution integrals involving the vector twist-3 DA of the vector meson. These integrals diverge at the end-points when using the standard Sum Rules twist-3 DA. We found that these divergences are avoided when using alternative AdS/QCD twist-3 DA for the ρ meson. Nevertheless, we confirmed that the annihilation power corrections to the leading amplitude are numerically small so that the end-point divergence problem has no practical consequences when computing the branching ratio for this decay. We expect this to be also the case for the decay B → K * γ. The main uncertainties in computing the branching ratio are therefore the hadronic uncertainties.
On the other hand, the isospin asymmetry given by Eq. (1) is less sensitive to the hadronic uncertainties since it depends on the ratio of decay rates or equivalently on the ratio of branching ratios. However, in computing this observable for B → K * γ, the end-point divergence problem cannot be ignored. This is because the isospin asymmetry in B → K * γ vanishes to leading power accuracy and any deviation from zero is due to power-supressed contributions. These can be parametrized as A q = b q A leading where q is the flavor of the spectator antiquark in the B meson [11] . To leading order in small quantities, the isospin asymmetry is then given by [11] 
with
where K 1 and K 2 are dimensionless coefficients given explicitly in [11] . They depend on four convolution integrals namely
and
where G(s c ,z) is the penguin function [11] . The first three integrals F ⊥ , G ⊥ and X ⊥ depend on the twist-2 DA while H ⊥ depends on the twist-3 DAs. It turns out that X ⊥ (µ) diverges with the standard SR twist-2 DA [11] .
This isospin asymmetry was first computed in Ref. [11] using Sum Rules DAs evaluated at a scale µ h = √ 5 GeV. The diverging integral X ⊥ was regulated using a cut-off, thus introducing an additional uncertainty in the theoretical prediction. In Ref. [7] , the contribution of the divergent integral was neglected while other contributions beyond QCDF, namely long distance photon emission and gluon emission from quark loops, were taken into account.
Our goal in this paper is to compute the isospin asymmetry given by Eq. (8) as well as the branching ratio given by Eq. (7) using holographic AdS/QCD DAs for the transversely polarized K * meson. In doing so, we shall show that the end-point divergence in X ⊥ can be avoided and that we predict an isospin asymmetry that is consistent with experiment.
Moreover, we shall see that our AdS/QCD prediction for the branching ratio at leading power accuracy agrees with the Sum Rules prediction and with experiment.
We now turn to the derivation of the holographic AdS/QCD DAs of the K * meson. They are obtained using an AdS/QCD holographic light-front wavefunction [12] for the K * meson.
Our derivation is a generalisation of our earlier derivation [10] for the AdS/QCD DAs of the ρ meson. We now account for unequal quark masses and thus for the resulting SU (3) flavor symmetry breaking effects.
HOLOGRAPHIC ADS/QCD DISTRIBUTION AMPLITUDES
The AdS/QCD holographic wavefunction [12, 13] for a ground state vector meson in which the quark of mass m q carries a fraction z of the meson light-front momentum [29] , can be written as [14] 
where ζ = z(1 − z)r with r being the transverse separation between the quark and antiquark. This wavefunction is obtained by solving the AdS/QCD holographic light-front Schroedinger equation [12] for mesons where the interacting potential in four dimensional physical spacetime is determined by the dilaton background field that breaks conformal invariance in five dimensional AdS space. Theoretical and phenomenological considerations constraint the form of the dilaton field to be quadratic [15] . In that case, the parameter κ is fixed by the meson mass:
Note that we allow the normalization constant N λ to depend on the polarization λ = L, T of the vector meson [16] . For the K * vector meson,
The AdS/QCD wavefunction of the K * vector meson can thus be written as 
where
and φ λ K * (z, k) is the two dimensional Fourier transform of the AdS/QCD wavefunction given by Eq. (14) . Note that in Eq. (17), h is the helicity of quark andh is the helicity of the antiquark. The normalization N λ of the AdS/QCD wavefunction is fixed by imposing that [16, 18] 
Choosing the longitudinal and transverse polarization vectors as
where P + is the "plus" component of the 4-momentum of the K * meson given by
and using the light-front spinors of reference [19] , we find that the spinor wavefunctions are given by
where k = ke iθ k and we have again made explicit the SU (3) flavor symmetry breaking correction proportional to (m s −mq). Note that in the limit of exact SU (3) flavor symmetry, we recover the expressions for the spinor wavefunctions of the ρ meson used in Ref. [18, 20, 21] and also given in Ref. [10] .
To twist-3 accuracy, four DAs parametrize the operator product expansion of meson-tovacuum matrix elements [22] :
wheref
All four DAs satisfy the normalization condition
} so that for a vanishing light-front distance x − = 0, the definitions of the decay constants f K * and f ⊥ K * are recovered, i.e.
It follows that from Eqns. (23), (24) and (25) that the twist-2 DAs are given by
while the twist-3 DAs are given by
To proceed we use the relation [17]
where the renormalization scale µ appears as a cut-off on the transverse momentum and Γ stands for γ + , [e * T ± .γ, γ + ], e * T (±) .γ or e * T (±) .γγ 5 . The matrix element in curly brackets can then be evaluated explicitly for each case [19] :
We then use Eqs. 
and dg
Note that if we assume exact SU (3) flavor symmetry, i.e. if we set m s = mq in the above expressions for the four DAs, we recover, as expected, the expressions for the ρ meson DAs derived in Ref. [10] .
We are also able to express the decay constants f K * and f 
After expanding the left-hand-sides of Eqs. (43) and (44), we obtain
In Table II , we compare the AdS/QCD predictions for the decay constants with the Sum Rules and lattice predictions. Note that our predictions are obtained using constituent quark masses, i.e. mq = 0.35 GeV for the light quark mass and m s = 0.48 GeV for the strange quark mass. Our prediction for the decay constant f * K is in reasonable agreement with the experimentally measured value shown in Table II . The resulting AdS/QCD prediction for the ratio f ⊥ K * /f K * is lower that those predicted by Sum Rules and lattice QCD at a scale of 2 GeV. Note that our predictions for the scale-dependent decay constant f ⊥ K * (µ) hardly depends on µ for µ ≥ 1 GeV. Our prediction for f ⊥ K * (µ) should thus be viewed to hold at a low scale µ ∼ 1 GeV. and Sum Rules [7] , lattice [23, 24] or experiment [25] . The prediction for the decay constant f ⊥ K * is at a scale µ ∼ 1 GeV.
COMPARISON WITH SUM RULES DAS
We are now in a position to compare the AdS/QCD DAs with those obtained using QCD Sum Rules. Note that Sum Rules predict the moments of the DAs:
and that only the first two moments are available in the standard SR approach [22] . The twist-2 DA are then reconstructed as a Gegenbauer expansion
where C 3/2 j are the Gegenbauer polynomials and the coeffecients a ,⊥ j (µ) are related to the moments ξ n ,⊥ µ [26] . These moments and coefficients are determined at a low scale µ = 1 GeV and can then be evolved perturbatively to higher scales [22] . As µ → ∞, they vanish and the DAs take their asymptotic shapes. Here, we shall use here the numerical values of the hadronic parameters at µ = 2 GeV since the relevant hadronic scale for the
Similarly, explicit expressions for the twist-3 SR DAs are [22] g ⊥(a)
Notice that the higher twist-3 DAs depend on additionnal parameters namely
3 ,λ 3 ,ω 3 which are determined using Sum Rules at a scale µ = 1 GeV and then evolved to a scale of µ = 2 GeV [22] . For the corrections due to non-zero quark masses in Eqs. (49) and (50), we follow [22] and take m s = 0.10 GeV and m q = m s /R where R = 24.6.
In Figures 1 and 2 , we compare the AdS/QCD DAs at a scale µ ∼ 1 GeV to the Sum Rules DAs at a scale µ = 1 GeV and µ = 2 GeV and also to the asymptotic DAs. Note that, unlike the SR DAs, the AdS/QCD DAs lack the perturbative known evolution with the scale µ and should be viewed to be parametrizations of the meson DA at a low scale µ ∼ 1 GeV. The perturbative evolution of the AdS/QCD DAs can be taken into account [27] but we have not attempted to implement it here.
We note the different end-point behaviour of the SR and AdS/QCD transverse twist-2 DAs. 
RESULTS AND DISCUSSIONS
We can now compute the branching ratio at leading power accuracy, i.e. by using Eq.
(7). In Table III , we show the SR and AdS/QCD predictions for the integrals given on the right-hand-sides of Eq. (5) and Eq. (6) (5) and Eq. (6) using the Sum Rules (SR) DA at a scale µ = 2 GeV and the AdS/QCD DA at a scale µ ∼ 1 GeV.
the twist-2 AdS/QCD DA and a branching ratio of 45.4 × 10 −6 using the corresponding SR DA. The AdS/QCD and SR prediction are therefore in agreement with each other and in agreement with the PDG values for the branching ratio quoted in Table I .
We next compute the isospin asymmetry given by Eq. (8) . The four convolution integrals given by Eqns. (10) , (11) , (12) and (13) contributing to the isospin asymmetry are given in Table IV . As can be seen, the AdS/QCD DA does not lead to a diverging integral for X ⊥ .
On the other hand, the AdS/QCD results for the remaining integrals F ⊥ , G ⊥ and H ⊥ are consistent with those obtained using the SR DAs. Using the AdS/QCD results, we predict an isospin asymmetry of 3.2% in agreement with the most recent PDG value given in Table   I .
Finally, it is instructive to investigate the origin of the end-point divergence encountered with the Sum Rules DA but not with the AdS/QCD DA. To do so, we shall also expand the AdS/QCD DA in Gegenbauer polynomials. We are then able to approximate the AdS/QCD DA by a truncated Gengenbauer expansion, i.e.
where we choose a ⊥ 0 = 0 and we determine the coeffecients a ⊥ j>0 by computing the moments of the AdS/QCD DA [26] . We then vary the number of terms N from 0 to 9 in order to 
diverges for N ≤ 9.
We thus suspect that the end-point divergence encountered with the Sum Rules DA is due to the truncation of the Gegenbauer expansion in Eq. (48). Note that this truncation is performed because Sum Rules predictions are available only for the lowest two non-vanishing moments of the twist-2 DA. Thus in the Sum Rules approach, the DA is only approximately reconstructed by the Gegenbauer expansion. The higher order terms in the expansion need to be included to fully reconstruct the DA. Unless they cancel each other accidentally or the DA is evaluated at a high scale µ Λ QCD , it is not a good approximation to neglect the higher order terms in the Gegenbauer expansion. In doing so, the deviation of the DA at a hadronic scale of µ = 2 GeV from its asymptotic form is not quantified precisely.
CONCLUSIONS
We have derived new AdS/QCD holographic DAs for the K * vector meson and we have used them in order to compute the branching ratio and isospin asymmetry for the decay B → K * γ. The AdS/QCD twist-2 DA offers the advantage of avoiding the end-point divergence encountered with the corresponding SR DA when computing the isospin asymmetry. The resulting prediction agrees with experiment. Moreover, the AdS/QCD prediction for the branching ratio agrees with both the SR prediction and with experiment.
